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Actions outlined in this CAP are intended to address PFAS that is present in soil and 
groundwater from historical operations. 

3.10 Present PFAS Mass Loading to the Cape Fear River 

Table 3+ PFAS originating from the Site may reach the Cape Fear River via nine possible 
pathways identified in the Cape Fear Mass Loading Model Report (Geosyntec, 2019g). 
These pathways are shown in Figure 4 and listed below as follows: 

Transport Pathway 1: Upstream Cape Fear River and Groundwater – pathway is 
comprised of contributions from non-Chemours related PFAS 
sources on the Cape Fear River and tributaries upstream of the 
Site, and upstream offsite groundwater with Table 3+ 
compounds present from aerial deposition 

Transport Pathway 2: Willis Creek – Groundwater and stormwater discharge and 
aerial deposition to Willis Creek and then to the Cape Fear River 

Transport Pathway 3: Direct aerial deposition of PFAS on the Cape Fear River; 

Transport Pathway 4: Outfall 002 – Comprised of (i) water drawn from the Cape Fear 
River and used as non-contact cooling water, (ii) treated non-
Chemours process water and (iii) Site stormwater which are then 
discharged through Outfall 002; 

Transport Pathway 5: Onsite Groundwater – Direct upwelling of site groundwater to 
Cape Fear River from Black Creek Aquifer; 

Transport Pathway 6: Seeps – Groundwater Seeps (currently identified seeps are A, B, 
C and D) above the Cape Fear River water level on the bluff face 
from the facility that discharge into the Cape Fear River; 

Transport Pathway 7:  Old Outfall 002 – Groundwater discharge to Old Outfall 002 
and stormwater runoff flows into the Cape Fear River; 

Transport Pathway 8: Adjacent and Downstream Groundwater – Offsite groundwater 
adjacent and downstream of the Site upwelling to the Cape Fear 
River; and, 

Transport Pathway 9: Georgia Branch Creek – Groundwater, stormwater discharge 
and aerial deposition to Georgia Branch Creek and then to the 
Cape Fear River. 

Total Table 3+ PFAS loading to the Cape Fear River has been estimated using a 
combination of measured and estimated data to develop mass loading estimates by 
pathway. Data inputs for the mass loading model were collected in May, June and 
September 2019. Results from the May and June sampling events were previously 
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reported in the Cape Fear Mass Loading Model Report (Geosyntec, 2019g). The mass 
loading model was updated using the same framework as previously described 
(Geosyntec 2019 g) for the September mass loading sampling event. The analytical data 
and supporting figures presenting the September data are provided in Appendix B. The 
mass loading model reporting will be updated in 2020 to incorporate data from the 
numerical model and be part of the integrated monitoring and assessment activities 
described in Section 7. 

The mass loading model is calibrated and evaluated against observed downstream river 
PFAS mass loadings. The mass loading model estimates that the Old Outfall 002 and 
Seeps (Transport Pathways 6 and 7 respectively) have the highest contribution of Table 
3+ PFAS mass loading to the Cape Fear River. These two pathways (Transport Pathways 
6 and 7) combined are estimated to contribute most of the loading to the Cape Fear River, 
with totals between 53% and 69% based on May, June and September results (Table 7). 
Onsite groundwater (Transport Pathway 5) is the next highest mass loading pathway to 
the Cape Fear River with estimated loading of between 14 and 22% based on May, June 
and September results.   
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Figure 4: Schematic Conceptual Site Model of the Site Including Geological Layers, and PFAS Transport Pathways
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Table 7: Mass Loading Model Total Table 3+ PFAS including HFPO-DA 
Contributions per Pathway 

Pathway  

Total Table 3+ 
Estimated Loading Percentage 

 per Pathway per Event  
May 2019 

Event 
Jun. 2019 

Event 
Sep. 2019 

Event 
[1] Upstream River Water and Groundwater 4% 15% 8% 
[2] Willis Creek  10% 4% 3% 
[3] Aerial Deposition on the River < 2% < 2% < 2% 
[4] Outfall 002  4% 7% 4% 
[5] Onsite Groundwater 22% 17% 14% 
[6] Onsite Groundwater Seeps (Seeps A, B, C, D) 32% 24% 42% 
[7] Old Outfall 002 23% 29% 27% 
[8] Offsite Adjacent and Downstream Groundwater < 2% < 2% < 2% 
[9] Georgia Branch Creek 4% 3% 2% 

 
For the Transport Pathways, the loading estimates will vary over time due to a range of 
potential factors, including but not limited to:  

• Detections of PFAS at or near analytical practical quantitation limits have more 
variability;  

• Elevated method reporting limits;  

• Standard uncertainty (often ± 20%) in analytical laboratory results; 

• Flow rate estimates in the river, seeps, groundwater and creeks are over- or under-
predicted compared to actual flow rates.  

Chemours will continue to integrate additional sampling data to the mass loading model. 
Quarterly mass loading sampling will continue to be collected as part monitoring 
activities described later in Section 7.  
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4 RECEPTOR INFORMATION 

In support of the CAP objectives, Chemours directed Geosyntec to perform a receptor 
survey as described in the On and Offsite Assessment (Geosyntec, 2019a), a Human 
Health SLEA, and an Ecological SLEA (SLEA: Screening Level Exposure Assessment). 
The SLEAs identify potentially complete exposure pathways by which human and 
ecological receptors may be exposed to PFAS in the environment and use intake models 
to calculate and rank exposure potential for exposure media such that future evaluations 
and/or risk management decisions are focused on the most significant contributors of 
overall human and ecological exposure. The human and ecological SLEAs are provided 
in Appendices G and H respectively. The following subsections describe the results of a 
receptor survey and the results from the SLEAs. 

4.1 Receptor Survey Results 

4.1.1 Wells and Wellhead Protection Areas 
As reported in the On and Offsite Assessment (Geosyntec, 2019a), 75 public/community 
wells and 926 private wells have been identified in the counties surrounding the Site (see 
Figure A5-1). Community wells are those that serve more than one household. The full 
extent of offsite PFAS contamination originating from the Site is still being assessed. As 
such the number of identified private wells is expected to increase. There is limited 
availability of drilling records including logs and installation depths for many private 
wells. The geological and hydrogeological settings where these well receptors are present 
are described, to the extent possible, in Section 3.1. The offsite groundwater monitoring 
wells installed in August and September 2019 are described in the On and Offsite 
Assessment Report (Geosyntec, 2019a). Public/community wells identified are listed in 
Table A5-1, along with their locations, depths, usage, and distance from the Site. Private 
wells shown on Figure A5-1 are not included in Table A5-1 in order to protect the privacy 
of well owners. Surrounding property owners are similarly not identified for privacy 
reasons.  

Wellhead protection areas, as defined in the Safe Drinking Water Act: 42 U.S. Code § 
300h–7, surrounding the Site are identified in Figure A5-2. According to publicly 
available data, there is one wellhead protection area in the extent of Figure A5-2, 
including three municipal water supply wells (PWS ID 03-78-030). Daily water 
extraction from these wells taken together ranges from 0.18 to 0.30 million gallons per 
day (MGD). Further details available regarding these wells in the wellhead protection 
area is provided in Table A5-1.  
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Clay, and the Perched Aquifer, as well as the formulation of the constant head condition 
on the western boundary. 

Final model calibration resulted in a Normalized Root Mean Square (NRMS) error of 
12.5%.  This is considered satisfactory based on the scale of the model and its intended 
end use in costing and preliminary design focusing on hydraulics only (as opposed to 
contaminant fate and transport).  The majority of the error in the calibrated model occurs 
in the Perched Zone and will have limited effect on the ability of the model to predict 
capture of groundwater discharge to the surface water bodies. 

5.4 Predictive Simulations 

The six most representative remedy simulations are presented below in Table 8. In total, 
21 simulations were conducted using the calibrated model to aid in the evaluation of an 
appropriate groundwater remedy. 

Table 8: Predictive Model Simulations 

Simulation Description 

Total  
Extraction  

Rate 
(gpm) 

Total  
Diverted 

Flow Rate 
(gpm)1 

Number of 
Extraction 

Wells 

1 Extraction wells at a 50-ft spacing (30 
gpm) with no barrier wall 4,920 N/A 164 

2 
Extraction wells at a 200-ft spacing 
(20 gpm) with a barrier wall between 
the river and the extraction wells 

820 569 41 

3 
Extraction wells at a 50-ft spacing 
(variable pumping between 20 to 40 
gpm) with no barrier wall 

4,430 N/A 164 

4 

Extraction wells at a 200-ft spacing 
(variable pumping between 20 to 30 
gpm) with a barrier wall between the 
river and the extraction wells 

930 491 41 

5 
Extraction wells at a 250-ft spacing 
(30 gpm) with a barrier wall between 
the river and the extraction wells 

930 489 31 

6 

Extraction wells at a 250-ft spacing 
(variable pumping between 20 to 30 
gpm) with a barrier wall between the 
river and the extraction wells 

840 611 31 

Notes: 

N/A – not applicable. 
1 – Diverted flow accounts for the reduced discharge to the Cape Fear River due to the barrier wall. 
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The various simulations can be summarized as follows: 

• Simulation 1 resulted in a large groundwater depression along the Cape Fear River 
in areas surrounding the pumping wells. A large portion of the extracted water was 
from the Cape Fear River.  

• Simulation 2 resulted in minimal contributing flow from the Cape Fear River. 
Pumping wells create a groundwater depression in portions of the extraction wells.    

• Simulation 3 reduced the groundwater depressions observed at higher pumping 
rates (simulation 1). Pumping wells still extract water from the Cape Fear River. 

• Simulation 4 increased the groundwater capture along the extents of the barrier 
wall in comparison to simulation 2. The variable pumping rates minimized the 
groundwater depressions observed along portion of the extraction wells.   

• Simulation 5 decreased the groundwater depressions observed along section of the 
barrier wall. However, in comparison to simulation 2 mounding was observed 
along section of the barrier wall. Also, a portion of the flow was not captured at 
the edges of the barrier wall.  

• Simulation 6 increased pumping at the targeted extraction wells and increased the 
capture of flow at the extents of the barrier wall. However, in comparison to 
simulation 4 mounding was observed along section of the barrier wall.  

The remedy modeling results indicate that without a barrier wall, the increase in total flow 
due to influx of Cape Fear River water makes these types of scenarios less feasible.  The 
scenario that best meets the hydraulic containment objectives presented in Table 8 
consists of an extraction well spacing of 200 feet, with pumping rates varying between 
25 and 30 gpm per well.  Ideally, there would be minimal drawdown to reduce the volume 
of water that requires treatment while also maintaining hydraulic containment.  
Additional aquifer tests would be required to assess the spacing and corresponding 
pumping rates. 

The calibrated FEFLOW model meets the requirements of the NCDEQ 2007 
Groundwater Modeling Policy (NCDEQ, 2007) and supports remedy evaluation, 
selection and design at the Site. The calibrated model is deemed sufficiently accurate for 
the modeling goals of this work however new data should be incorporated into both the 
conceptual and numerical models when it becomes available. 

Numerical modeling is an effective technique for identifying areas of uncertainty in 
conceptual models and source-pathway-receptor models. Based on the results of the 
numerical modeling program, groundwater remedy development would be supported by 
reducing uncertainty regarding: 



 
 
 

 

TR0795 47 December 2019  

• Interactions between the Surficial Aquifer and the Black Creek Aquifer along the 
bluffs. Additionally; and 

• Distribution of groundwater flows into surface water drainage features 
including onsite groundwater seeps, Willis Creek and Old Outfall 002. 

A combination of additional simulations and targeted field investigations (aquifer testing) 
to address these uncertainties is recommended before selecting a final remedy for design.  
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6 PROPOSED CORRECTIVE ACTIONS 

This section describes the proposed corrective actions to treat groundwater and surface 
water where these pathways are contributing PFAS loading to the Cape Fear River, 
including those actions proposed in the previous Paragraph 12 submittals: the August 
2019 Reduction Plan and the November 2019 Reduction Plan – Supplemental 
Information Report. Together these corrective actions have been developed to meet the 
objectives and cleanup goals that are described in Section 6.1 and Section 6.2, 
respectively. The detailed development of potential remedial alternatives and evaluation 
of technical and economic feasibility that was provided in the Paragraph 12 submittals is 
not reproduced in this CAP, which rather focuses on further developing the groundwater 
and surface water remedies that were proposed for advancement. Table 9 provides a 
summary, by pathway, of the results of this screening process. 

The remaining subsections below provide detailed discussion for these advanced 
groundwater and surface water alternatives in terms of design, construction, and 
operation; estimation of construction and operational costs; permits anticipated to be 
required; and sequencing and schedule. Performance monitoring of the remedies, 
compliance with CO Paragraph 16, and onsite and offsite groundwater quality monitoring 
are discussed in Section 7. 

6.1 Corrective Action Objectives 

The selection of corrective actions presented in this CAP is based on the CO’s remedial 
requirements and management goals for the Site which are as follows: 

• Reducing the total loading of PFAS originating from the Site to the Cape Fear 
River by at least 75 percent (%) from baseline (CO paragraph 16); 

• Provide whole building filtration units and/or reverse osmosis units to qualifying 
surrounding residents (CO paragraphs 19 and 20); 

• Comply with 2L Rules (CO paragraph 16), including following the policy for the 
intention of the 2L Rules “to maintain and preserve the quality of the 
groundwaters, prevent and abate pollution and contamination of the water of the 
state, protect public health, and permit management of the groundwaters for their 
best usage by the citizens of North Carolina” (15A NCAC 02L .0103); and 

• Comply with other requirements of the CO. 
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Table 9: Summary of Remedial Alternatives Evaluation Process 
Pathway Retained for Further Development  Not Advanced in P12 

Submittals 

Direct Aerial 
Deposition 

Air Emission Control Technologies  N/A 

Old Outfall 
002 

Capture and Treat Old Outfall 002 N/A 

Groundwater 
Seeps 

Interim and Long-Term: Flow 
Through Cells and French Drains 

PlumeStopTM at CFR and 
Willis Creek Seeps 

Onsite Black 
Creek 
Aquifer 
Groundwater 

Interim: Pumping from Existing 
Wells 

Long-Term: Onsite Barrier Wall with 
Hydraulic Containment 

Interim: Pumping from 
Additional Extraction Wells 

Long-Term: Hydraulic 
Containment  

Outfall 002 Sediment Removal 

Stormwater Pollution Prevention Plan 

Targeted Stormwater Control 

Terracotta Pipe Decommissioning 

Mitigation of Groundwater Intrusion 

Treat all stormwater at Outfall 
002 

Treat all flows at Outfall 002 

Willis Creek 
and Georgia 
Branch 
Creek 

Air Emission Control Technologies  

Onsite Barrier Wall with Hydraulic 
Containment 

Treat all Flows at Mouths 

PlumeStopTM along Creek 
Lengths 

Offsite 
Groundwater 

Air Emission Control Technologies Offsite Barrier Wall with 
Hydraulic Containment 

 

The Table 3+ PFAS compounds at the Site have only been recently considered for 
environmental remediation and the availability of treatment technologies is limited at this 
time. This is a rapidly evolving field and new technologies may become available. 
Chemours’ implementation of actions for these goals may be refined as both remedial 
technologies for PFAS develop and a greater body of scientific understanding develops 
regarding PFAS originating from the Site.   
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Drains may be installed in additional seeps. Detailed descriptions of the two types of seep 
remedies are provided in the following sections. 

 
Figure 6: Location of Seep Remedial Alternatives  
  

Flow-Through Cells 

Interim application of flow-through cells would involve the installation of V-shaped sheet 
pile walls to guide seep water discharge through a controlled structure for on-location 
treatment.  Large wire baskets (gabions), filled with granular activated carbon (GAC) 
would be installed in the discharge structures such that the water discharging from each 
seep location would flow through the GAC filled gabions.  The PFAS compounds in the 
seep water would be sorbed by the GAC in the gabions and the treated water, containing 
much lower concentrations of PFAS compounds, would flow out the downhill side of the 
gabions. 
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Installation of the seep flow-through structures would commence after the river access 
road and all clearing and grubbing is complete. It is assumed that a total of 16 15-foot 
lengths of standard steel 22-inch wide sheet pile will be installed at each seep location.  
The sheet pile will be driven vertically into the ground to a depth of approximately 11 ft 
bgs to form a V-shaped sheet pile wall centered on and oriented perpendicular to the seep 
discharge channel.  The center 2 sheet piles will be driven an additional approximate 3 ft 
to form a window in the middle of the sheet pile wall such that seep water can flow 
through the wall.  A steel plate approximately 44-inches wide and 72-inches long will be 
placed flat side down in the sheet pile window and welded in place (to the sheet pile) to 
provide a flat stable surface for the GAC filled gabions.     

Each gabion will be lined with geotextile fabric and filled with new, unused GAC.  The 
geotextile fabric liner will then be fastened closed and the top of the gabions will be 
closed and fastened with steel wire such that the gabions can be moved.  Three gabions 
will be installed first in the seep A structure as depicted in Figure 7 below using an 
excavator and load straps or equivalent. After installation, the gabions will be secured 
with sandbags to ensure they stay in place.   

Construction of the flow-through cells is not anticipated to require regulatory approval 
via NPDES, as there is no discharge of waste, but would likely require approval from 
United States Army Corps of Engineers (USACE) under Section 404 of the Clean Water 
Act. It is assumed that the permitting pathway would be similar to that obtained for the 
OOF2 structures, which were permitted under Nationwide Permit (NWP) 38 (Cleanup of 
Hazardous and Toxic Waste) in October 2019.  

It is anticipated that the first structure will be constructed at Seep A, and operated for 
approximately 4-months during which performance and operational data will be collected 
to assess system performance.  Lessons learned and performance upgrades developed 
during this time frame at Seep A will be incorporated as design modifications for potential 
application at subsequent seeps. 

 Ex Situ Capture French Drains 

This interim remedial measure involves the installation of a French drain or equivalent 
sump to capture seep water discharge for subsequent conveyance to the planned treatment 
plant to be located at OOF2. The French drain would consist of a permeable trench 
excavated across the seep with perforated piping to collect the water, and a sump pump 
to convey the captured seep water to the river access road pipeline for subsequent 
conveyance to the planned OOF2 treatment system for treatment and subsequent disposal. 
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Figure 7: Conceptual Diagram of Seep Flow Through Passive Treatment 
 

After supporting infrastructure is in place, including roads, power, and conveyance lines, 
a small catch basin will be excavated upstream from the planned French drain location. 
A portable pump with sufficient capacity for total seep flow will be placed in the basin 
with the pump discharge hose established to pipe water from the basin around the planned 
French drain location for subsequent discharge downstream from the construction area.  
Temporarily diverting seep discharge flow around the construction area will allow for 
safe and efficient French drain installation.  

French drain construction is anticipated to consist of geotextile fabric lining, permeable 
backfill (2-inch diameter rocks), and a horizontal perforated pipe at the bottom and a 
vertical “sump” pipe at one end. The trench will be approximately 20-ft long and 6 ft deep 
with the bottom of the trench sloping to one end.  After the piping is installed and the 
trench is backfilled, it will be armored at the ground surface with an additional layer of 
geotextile and concrete paver blocks to prevent erosion during storm events. A conceptual 
diagram is shown below in Figure 8.  

After the French drain installation, a submersible pump will be installed in the vertical 
sump, wired to provide power, connected to the previously installed piping and function 
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tested to ensure proper operation.  The temporary seep water diversion pump and 
discharge hose will be removed, and the seep collection system will be put in operation. 

Construction of the French drain is anticipated to require NPDES permit approval, or 
modification of the existing Site NPDES permit, due to the additional discharges of 
treated water. As with the flow-through cells, the French drains are anticipated to also 
require USACE NWP 38 permitting. 

 
Figure 8: Conceptual Diagram of Seep French Drain Ex Situ Capture 
 

Cost  

The +50/-30% estimated construction cost for the interim application of flow-through 
cells for Seeps A through C and a French drain in Seep D is $980,000 to 2,100,000. The 
annual O&M cost is estimated to be between $400,000 to $870,000. Costing estimates 
are provided in Appendix I. 

For simplicity, as interim measures are defined as implementable within two years, NPV 
calculations were not performed.  
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Long-Term Remedial Alternative for Seeps 
It is anticipated to operate the interim seep actions discussed above for a period of two 
years during which the performance of each approach can be monitored and optimized, 
after which the long-term remedy will be selected. It cannot be predicted with certainty 
at this time which method will perform optimally at each seep.  

For the purposes of this CAP, a low range cost estimate has been prepared, which assumes 
that the interim application of flow-through cells at Seeps A-C and a French drain at Seep 
D will perform as intended, and thus no additional construction costs would be required. 
As above, the +50/-30% estimated construction cost is $980,000 to 2,100,000, the annual 
O&M cost is estimated to be between $400,000 to $870,000, and the 20-year NPV is 
estimated to be $6.3 to 13.5 million. 

In contrast, a high range cost estimate has been prepared, which assumes that the flow-
through cells at Seeps A-C will not perform as intended, and that French drains will 
ultimately be required at all four seeps. In this scenario, the +50/-30% estimated 
construction cost is $8.9 to 19.1 million, the annual O&M cost is estimated to be between 
$400,000 to 840,000, and the 20-year NPV cost is estimated to be $15 to 32 million. 
Costing estimates are provided in Appendix I.  

6.3.4 Pathway: Onsite Black Creek Aquifer Groundwater  
The Black Creek Aquifer is interpreted to be the only transmissive groundwater zone at 
Site in contact with the Cape Fear River. The Mass Loading Model estimated that the 
Black Creek aquifer groundwater discharging to the Cape Fear River contributed between 
14% and 22% of PFAS mass load (on average, about 18% based on the May, June, and 
September 2019 sampling events).   

Interim Remedial Alternative for Black Creek Aquifer: Groundwater Extraction from 
Existing Monitoring Wells 
As described in the Reduction Plan Supplemental Information Report, the interim 
remedial alternative advanced for groundwater consists of installing submersible electric 
pumps in seven existing black creek monitoring wells and pumping the water to the OOF2 
treatment plant for treatment and discharge. Submersible electric pumps would be 
installed in seven site wells:  BCA-01, BCA-02, PW-9D, PW-10DR, PW-11, PW-14, and 
PW-15R (as shown in Appendix B).  Piping would be installed to convey the water to the 
proposed OOF2 treatment plant, potentially above-grade as a time-saving 
measure.  Based on available information, it is anticipated that a sustained flow rate of 2 
gpm from each well could be achieved.  Therefore, the total flow would be 14 gpm.  It is 
assumed that there will be sufficient excess capacity at the OOF2 treatment plant and that 
the discharge could be covered under the current NPDES permit application for that plant 
without additional modification. 
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Schedule 

 
Cost 

Costs were estimated and considered to be accurate within the +50/-30 % range. The 
construction costs range from $560,000 to 1.2 million, annual O&M costs are $48,000 to 
102,000. Costing estimates are provided in Appendix I. For simplicity, as interim 
measures are defined as implementable within two years, an NPV calculation was not 
performed. 

Long-Term Remedial Alternative for Black Creek Aquifer: Barrier Wall and 
Groundwater Capture 
At the time of the November 4 Reduction Plan Supplemental Information Report 
submittal, the numerical model had not been calibrated, so it was not yet clear what would 
be the most efficient method to mitigate the flux of onsite groundwater to the Cape Fear 
River. Based on the numerical modeling scenarios detailed in Section 5, it is anticipated 
that hydraulic containment coupled with a barrier wall will most efficiently capture the 
necessary component of the Black Creek aquifer without also drawing in the river. 

Extensive investigation, analysis, and numerical model refinement would be required to 
properly design a remedy of this scale. A geotechnical investigation would be required 
along the alignment (anticipated boring frequency every 100 linear feet) to determine the 
depth and penetration resistance of the confining unit. Additional delineation consisting 
of borings, wells, and in-river flux analyses may also be utilized to properly target the 
optimal areas for containment needed to achieve the corrective action objectives. Finally, 
pilot testing, consisting of extraction well drilling and aquifer testing at multiple locations 
along the alignment, would be performed to determine the optimal well spacing and 
extraction rates. It is anticipated that in the course of two years, these activities would 
allow for model refinement and completion of design and permitting effort. In the absence 
of this pre-design data, the following discussion of a long-term groundwater remedy is 
still highly conceptual.  

Figure 9 shows the area of groundwater with a process water PFAS signature that is 
potentially discharging to the Cape Fear River and Willis Creek. It is anticipated that 
hydraulic containment via extraction wells and a vertical barrier wall would be installed 
within this area, with the exact span and position to be determined after the pre-design 

Detailed Design 2
Contracting 1
Installation and Operation 9

Task Duration
(months)

Year 1
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investigations are complete. It is anticipated that the barrier wall would be constructed 
either with a one-pass trencher, as a soil-cement-bentonite slurry wall, or with steel sheet 
piles that are driven into the ground and interlocked. Both options are suitable means to 
mitigating the flow of groundwater, as slurry walls typically achieve a permeability of 
10-7 centimeters/second.  

While the slurry wall is considerably more cost-effective than steel, spoils management 
and sensitivity of disturbing the land surface near the river will require more detailed 
evaluation and potentially more site preparation to key in trenches that can manage the 
excess spoils that are generated during the mixing process. Nevertheless, it is anticipated 
that these measures can be adequately accounted for in the design process, and slurry 
walls will be considered the presumptive barrier method, with steel sheet piles as a 
contingency plan should further investigation indicate that the slurry walls cannot be 
managed appropriately in the field. A range of costs is provided for both options, as 
discussed later in this section. 

Groundwater could be extracted from a series of vertical wells or horizontal wells.  For 
the purpose of this analysis, vertical wells were assumed; however, the final design would 
utilize the most efficient option.  The numerical model was utilized to estimate that the 
extraction well spacing behind a conceptual 8,500-foot long barrier wall would be 200 ft, 
and that extraction rates would vary from 20 to 30 gpm along the alignment, depending 
on localized hydrogeologic parameters (see Section 5 for more detail). This would result 
in approximately 930 gpm (1.3 MGD) of extracted groundwater.  

It was assumed that the well pumps would feed into a common high-density polyethylene 
(HDPE) force main for distribution to the OOF2 treatment system location. Pipe sizing 
would range from 2 to 24 inches in diameter, depending on the estimated head loss, which 
is a factor of flow rate and distance from the system. It is assumed that the influent median 
PMPA and PFMOAA concentrations would be 8,200 and 150,000 ng/L, respectively. It 
is assumed that PFMOAA is the driving influent COC for GAC utilization, and that 99% 
removal would be the objective.
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Figure 9: Area with Process Water PFAS Signature and Barrier Wall Conceptual Diagram 
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Cost  

As discussed, many design details would still need to be determined, notably the barrier 
wall installation method (slurry wall vs. steel sheets), the most efficient method of 
incorporating flow into the Old Outfall 002 treatment system, and the exact alignment of 
the containment measures. For the purposes of this CAP, a low and high range cost were 
estimated as follows: 

• Low Range: Slurry wall, with modular approach to incorporating flow into OOF2 
treatment system (skid-mount systems installed with heat tracing, not within pre-
fabricated building): The +50/-30% estimated construction cost is $19 to 41 
million. The annual O&M cost is estimated to be $1.2 to 2.5 million. The 20-year 
NPV is estimated to be $36 to 77 million. Costing estimates are provided in 
Appendix I. 

• High Range: Steel sheet pile wall, with pre-fabricated building to enclose the 
process equipment: The +50/-30% estimated construction cost is $34 to 74 million. 
The annual O&M cost is estimated to be $1.2 to 2.5 million. The 20-year NPV is 
estimated to be $51 to 110 million. Costing estimates are provided in Appendix I. 

Path forward  

The degree of PFAS loading that will be reduced by installation of the groundwater 
containment remedy described herein is uncertain, particularly its overall contribution to 
achieving a 75% Table 3+ PFAS loading reduction cost effectively.  This remedy, if 
implemented, would reduce the PFAS loading to the river and, over time, reduce PFAS 
concentrations within the groundwater itself.  On the other hand, the implementation of 
this remedy would be very costly and disruptive to the local ecological habitats.  

The environmental benefits that would be realized from this remedy are at this point 
somewhat uncertain and based on data that have been limited by the short time frame in 
which the data needed to be assembled.  For example, the September 2019 data show that 
the contributions to surface water loadings from this source may be as low as 14% of the 
total remaining loadings and are significantly less than the loadings from the two larger 
sources: groundwater seeps and Old Outfall 002.  The September 2019 data show that 
those two sources alone could be up to 69% of the total remaining loadings.  Yet, while 
the loadings from onsite groundwater may be only about a fifth of those for the top two 
sources, the costs to address onsite groundwater (see Appendix I) could be one and a half 
times as much as the total remedial costs for the groundwater seeps and Old Outfall 002.  

With the information in hand, it is not presently possible to conclude with confidence 
whether this alternative is economically feasible.  Accordingly, subject to DEQ approval, 
the best course of action is to proceed with the interim groundwater remedy described in 
Section, and at the same time proceed with a detailed pre-design investigation, a detailed 
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remedy design and continued evaluation of PFAS mass loading to the Cape Fear River 
originating from the facility. This process of a pre-design investigation leading to a 
detailed design is consistent with prior remediation programs in North Carolina and the 
NCDEQ Guidelines (NCDEQ, 2017) that suggest CAPs include descriptions of 
“additional site characterization needed to support [the] proposed remedy”. 

Following an adaptive process allows the opportunity to further refine the understanding 
of PFAS mass loading from groundwater to the Cape Fear River, enabling a more detailed 
assessment of the technical and economic feasibility of the groundwater containment 
remedy. Additionally, this process will likely identify areas of higher PFAS mass 
discharge into the Cape Fear River from groundwater; and then remedial efforts can be 
focused to more expeditiously reduce loadings. Last, this process will enable adapting the 
scope and areas of groundwater treatment to reflect new information from other studies 
being conducted in support of the CO (e.g. total organic fluorine method development).  
Concurrent with the design effort, remedial alternative assessments will continue to 
evaluate the most cost-effective remedy that could achieve at least a 75% Table 3+ PFAS 
loading reduction and other CO objectives. The schedule for implementation of a 
groundwater remedy is included in Section 6.5 of this document; the pre-design 
investigation through detailed design and permitting is expected to take two years. At the 
conclusion of the effort, Chemours would present a detailed onsite remedial design to 
DEQ for approval. 

6.3.5 Pathway: Outfall 002 
Actions proposed for Outfall 002 in the previous Paragraph 12 submittals (i.e., the August 
2019 Reduction Plan and the November 2019 Reduction Plan – Supplemental 
Information Report), which are summarized in Table 8 of Section 6, remain the same. 
The proposed path forward for the Outfall 002 remedies including the remedy 
descriptions, implementation schedules, and cost estimates can be accessed in the 
Supplemental Information Report (Geosyntec, 2019h). 

6.3.6 Pathway: Loadings from Willis Creek and Georgia Branch Creek 
While no offsite alternative was advanced for either creek, both creeks will over time 
have declining PFAS concentrations as a result of air control technology improvements 
that will reduce aerial HFPO-DA emissions by 99% starting in January 2020 compared 
to 2017 baseline, with expected comparable reductions for other PFAS, leading to offsite 
aerial deposition reductions and consequently reductions over time in groundwater that 
discharges to these creeks. Additionally, were the onsite Black Creek aquifer groundwater 
extraction remedy to be implemented as conceptualized above, which would include 
approximately 2,100 linear feet of containment along the northeastern reach of Willis 
Creek that is in connection with the Black Creek aquifer, present estimates indicate the 
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mass loading to Willis Creek may be reduced up to 65%, which in turn would reduce the 
mass loading to the Cape Fear River by approximately 3.7%. 

6.3.7 Pathway: Offsite Groundwater  
Offsite, PFAS have been aerially deposited and exist as a distributed, diffuse source 
potentially present over an area of at least 70+ square miles where concentrations in 
groundwater gradually become lower further away from the Site. Ongoing air abatement 
measures and the installation and operation of the thermal oxidizer will lead to a reduction 
of aerial HFPO-DA emissions by 99% starting in January 2020 compared to 2017 
baseline, and expected comparable reductions for other PFAS. Correspondingly, the 
deposition of PFAS to offsite soils will be reduced by 99% and over time concentrations 
will decline. 

Mitigation measures for offsite water supply wells have been documented previously, 
including the On and Offsite Assessment (Geosyntec, 2019a). As discussed, pursuant to 
CO Paragraphs 19 to 25, Chemours is implementing a Drinking Water Compliance Plan 
(Parsons, 2019a). Through this plan, Chemours is providing replacement drinking water 
to private residents whose drinking water wells are impacted by PFAS listed on 
Attachment C of the CO. Replacement drinking water is being provided through a range 
of options depending on the levels of PFAS found. First residents are supplied bottled 
water as an interim measure. Then residents, should they accept, will receive either: (i) 
point of use reverse osmosis systems, (ii) whole house filtration systems, or (iii) 
connection to public water supplies. Pursuant to CO Paragraph 19, Chemours is working 
with NCDEQ to identify locations where public water is available and can be provided 
to private residents for less than $75,000 per affected party. Beyond this threshold, 
permanent water supplies will be provided through whole house filtration systems or 
reverse osmosis systems. Chemours is providing quarterly updates on implementation of 
the Drinking Water Compliance Plan to NCDEQ.  

6.4 Proposed Remediation Permits 

The thermal oxidizer, OOF2 treatment system, and sediment removal from the on-site 
non-contact cooling water (NCCW) and Outfall 002 activities are not discussed in this 
section as these remedies are already in the process of design and permitting or have 
already been completed. The terracotta pipe decommissioning and mitigation of 
groundwater intrusion into Outfall 002 remedies are also not discussed, as permits are not 
anticipated to be required. This section focuses on potential permits that may be required 
to construct the proposed interim and long-term remedies for seeps, onsite groundwater, 
and onsite stormwater.  
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The potential construction of flow-through cells, French drains, and a sheet pile barrier 
wall would likely require a comprehensive permitting approach, as segmented 
disturbances to natural features are typically required to be consolidated:  

• Section 404 of the Clean Water Act as administered by the USACE. For the 
construction of the instream structures of OOF2, in October 2019, the USACE 
approved a NWP 38 - Cleanup of Hazardous and Toxic Waste. For the proposed 
construction of flow-through cells, French drains, and onsite barrier wall, it is 
anticipated that the USACE would concur that the NWP 38 similarly applies. 
Engagement with USACE, including an onsite review, could be required. 

• Section 401 water quality certification as administered by the NCDEQ Division of 
Water Resources (DWR). The proposed installation of the flow-through cells, 
French drains, and onsite barrier wall would likely result in a disturbance to 
wetlands and streambeds that requires engagement with DWR and possible 
mitigation credits. As above with USACE, an onsite review would likely be 
required.   

• NPDES as administered by NCDEQ. It is not anticipated that a NPDES permit 
would be required for the flow-through cells, as there is no point of discharge; 
however, engagement with NCDEQ to confirm may be warranted. For the seep 
French drains and for the barrier wall groundwater extraction, it is anticipated that 
modification of the draft NPDES permit may be required to either expand the 
OOF2 treatment system to accommodate this additional flow, and/or to permit the 
construction of a new treatment system and outfall. As NCDEQ has expressed a 
preference for a single NPDES permit for the Site, continued engagement with this 
agency will be required. 

• Erosion and Sediment Control as administered by NCDEQ. For the construction 
of the seep and groundwater remedies, notably for the barrier wall which would 
require approximately 10 acres of disturbance, a comprehensive Erosion and 
Sediment Control (E&SC) Plan would be required, prepared in accordance with 
the latest revision to the E&SC Planning and Design Manual from 2013. 

In addition to the above list, well construction permits will be required to install the 
extraction and monitoring wells. Building permits could also potentially be required for 
electrical connections to new treatment systems, if constructed. 

6.5 Proposed Remediation Schedule 

Detailed schedules for the Seeps and Onsite Groundwater remedies are provided below 
in Table 12 and Table 13. Table 14 describes the estimated performance and tentative 
schedule for proposed interim remedies and initial conceptual designs for long-term 
remedial strategies as both are closely integrated. 
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Table 12: Schedule for Proposed Seep Actions 

 
 
  

Bench Scale Testing and Lab Analysis 2
Design, Work Planning and Permitting (1) 2
Agency Approvals (2) 6
Clearing and Grubbing 1
Access Road Construction 1
Electrical Service 3
Seep A Flow Through Cell Construction and Pilot 6
Seep D French Drain Construction and Pilot 6
Seeps B and C Flow Through Cells Construction 6
Evaluation of Initial Performance at Seeps A - D 6
Optimization/Replacement of Cells/Drains as Needed 12
Ongoing Operations and Maintenance 12
1- Permits include but may not be limited to 404, 401, NPDES, and E&SC
2 - Task timing is dependent upon agency approval timing

Year 4 Year 5Task Duration
(months)

Year 1 Year 2 Year 3
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Table 13: Schedule for Proposed Groundwater Action 

  

Interim  - Design and Work Planning for Pumping from Existing MWs 3
Interim  - Installation and Operation 9
Interim  - Contingent Action Based on Performance Monitoring 12
Pre-Design Investigation Work Planning and Contracting 3
Geotechnical Investigation and Analysis 3
Delineation Borings/Wells and In-River Flux Analyses 9
Drilling and Aquifer Pump Testing 6
Numerical Modeling Refinements 3
30% Design 6
Permitting Submittals (1) 12
Permits/ Agency Approvals (2) 12
60% Design 6
90% Design 3
100% Design and Contracting 3
Mid-Implementation Review (3) 12
Barrier Wall Installation (4) 20
Site Work (Trenching, Piping, Electrical, Drilling, etc.) 24
OOF2 System Upgrade (5) 24
Testing and Commissioning 6
1- Permits anticipated to potentially include but may not be limited to 404, 401, NPDES, and E&SC
2 - Task timing is dependent upon agency approval timing

4 - Material and method installation to be determined after pre-design investigation and design.
5 - Potential schedule assumes groundwater is conveyed to existing OOF2 system location and treatment train is upgraded to incorporate flow.

3 - As the design and permitting process is advanced, there will be ongoing evaluation of the economical and technological feasibility of this 
remedial alternative, including analysis of new information that may become available over the next two years including any regulatory or 
permitting requirements, toxicological information, and other information concerning the condition and uses of the Cape Fear River.  At the 
end of this two year period, Chemours would proceed with implementing this project, unless subsequent information shows that it is infeasible 
or if a more cost-effective alternative is available, in which case Chemours would seek DEQ approval.

Year 5Year 4Task Duration
(months)

Year 1 Year 2 Year 3
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Table 14: Overall Estimated Reductions Plan Schedule and Reductions to Cape Fear River Total Table 3+ PFAS 
Loadings 

  

2019 2020 2021 2022 2023 2024

Air Abatement Controls and Thermal Oxidizer1 <2% 1 
Conveyance Network Sediment Removal - Outfall 0022 NQ3 1 
Capture and Treat Old Outfall 002 26% 1

Terracotta Pipe Replacement - Outfall 002 0.1% 2

Stormwater Pollution Prevention Plan - Outfall 002 NQ3 1

Groundwater Intrusion Mitigation - Outfall 002 0.7% 2

Interim Action - CFR Seeps NQ3 2

Interim Action - Onsite Groundwater NQ3 1

Targeted Stormwater Control - Outfall 002 1.3% 4

Ex Situ Capture and Treatment - CFR Seeps4 33% 4

Onsite Groundwater Treatment 18% 5

Cumulative Estimated Total Table 3+ PFAS River Reductions to River5 79% -- <2% 26% 27% 43% 60% 79%

Notes Legend

- Schedule for multiple alternatives are dependent upon permitting requirements. Action Complete 
- Loading reductions to CFR based on average of May, June, Sep. 2019 data Planned Action Implementation Period
- Duration listed for implementation Time Period for Contingent Actions
1 - Scheduled implementation is December 31, 2019.
2 - Completed October 2019.
3 - Anticipated reduction from action cannot be quantified at present.
4 - Assumed to be Ex Situ Capture as the permanent remedial alternative for seeps.

Proposed and Provisional Remedial Alternatives Loading 
Reduction

Duration
(Years)

Year

5 - Cumulative estimated reductions assumes:
a) that reductions are achieved at the end of the implementation period; and
b) that the time period for contingent actions is not needed.
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7 PERFORMANCE MONITORING 

This section describes performance monitoring activities to accomplish the following 
objectives:  

a) Corrective action performance monitoring; 
b) Compliance with CO paragraph 16(d) performance monitoring; 
c) On and Offsite groundwater quality monitoring. 

The monitoring activities for objectives listed above are described in the following 
sections. These monitoring activities were developed concurrently with the CAP and may 
evolve during the course of pre-design investigations, pilot tests, preliminary results or 
other conditions. Monitoring locations, frequency and number of samples, analytical list 
and methods presented here may be modified to achieve objectives. Any potential 
recommended modifications to the monitoring plan will be presented in semi-annual 
monitoring data reports. 

7.1 Corrective Action Performance Monitoring 

Overall, the collective performance of the corrective actions will be assessed through 
PFAS mass loading reductions to the Cape Fear River as described in Sections 7.2 and 
7.3 for Objectives (b) and (c) listed above. Individually the performance of corrective 
actions will be evaluated for both interim and long-term corrective actions proposed here 
and identified in the Reduction Plan Supplemental Information Report (Geosyntec, 
2019h). Performance monitoring activities are described below for the following actions: 

• Old Outfall 002 

• Onsite Groundwater Seeps Interim Actions 
o Flow Through Cells 
o Capture and Treat (French Drains) 

• Onsite Seeps Long-Term Actions 

• Onsite Groundwater Interim Actions 

• Onsite Groundwater Long-Term Actions 
 

7.1.1 Old Outfall 002 Capture and Treatment Performance Monitoring 
As required by the CO baseline surface water samples were collected from Old Outfall 
002 for a six month period between March and August 2019 at locations indicated in 
Attachment A of the CO and analyzed for Table 3+ SOP and Modified EPA Method 537 
compounds listed in Table 2. Performance monitoring for the treatment system will be 



 
 
 

 

TR0795  82  December 2019 

performed according to the terms of the NPDES permit which in late 2019 had not yet 
been issued by NCDEQ. 

7.1.2 Onsite Groundwater Seeps Interim Actions  
Interim actions for groundwater Seeps A, B, C and D reaching the Cape Fear River at the 
Site include combination of flow-through cells and ex situ capture using French drains 
(Geosyntec, 2019h). The flow-through cell interim actions are proposed to start at Seep 
A with implementation progressing successively through Seeps B and C where lessons 
learned from the construction and operation of the flow-through cells at the prior seeps 
would be used to design and operate the subsequent flow-through cells. An ex-situ 
capture French drain would be installed at Seep D. A six-month pilot for both interim 
actions is recommended, followed by implementation of interim seep actions for a period 
of two years during which time the performance of each approach will be monitored and 
optimized. Operational and performance monitoring during pilot testing will be 
documented in pilot testing workplans. Monitoring efforts proposed during the two-year 
interim action implementation period are discussed below.   

Flow-through cells 

Visual inspections of flow-through cells will be performed to document and check the 
integrity and operation of the flow-through cell. Inspections shall be performed 
periodically or when circumstances beyond design limitations arise (e.g., excessive 
rainfall and flooding). Necessary repairs for continued operation and maintenance shall 
be documented including system down time, repairs/changes performed and other 
pertinent observations to operation of flow-through cell. 

Table 3+ PFAS removal efficiency of the flow-through cell will be monitored by mass 
flux upstream and downstream of the cell. Mass flux will be measured by measuring flow 
and PFAS concentrations in surface water before it flows into the flow through structure 
and after it flows out. Flow rate measurement methods will be finalized following pre-
design investigations. Performance sampling frequency is assumed to be at minimum 
quarterly during the start-up operational period of the flow-through cell. Spatial density 
and sampling frequency may be amended during pilot testing or under special 
circumstances including repair/carbon change out, flooding, etc.  

Seep capture and ex situ treatment 

Visual inspections of seep capture will be performed to evaluate the integrity and 
operation of the French drains periodically or when circumstances beyond design 
limitations arise. Necessary repairs for continued operation and maintenance shall be 
documented including system down time, repairs/changes performed and other pertinent 
observations to continued operation. 
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Capture efficiency of the seep capture remedy shall be assessed by monitoring influent 
seep flow rate, water levels in catchment basin and vertical sump and measuring sump 
pump rate. Treatment efficiency for this remedy is continuous operation of the collection 
pumps and the performance and proper operation of the treatment plant utilized. If 
flowing surface water is visibly expressed downgradient of the remedial system, samples 
may be collected for and analyzed for Table 3+ PFAS.  

7.1.3 Onsite Groundwater Seeps Interim Actions  
Based on operational and performance success one of the two interim remedial actions 
will be implemented at the Seeps as a long-term remedy (Geosyntec, 2019h). Operational 
and performance monitoring metrics identified for the interim actions are planned to be 
included in the long-term monitoring plan. Additional metrics identified during the 
interim operational period may be added to the long-term monitoring plan along with 
optimizing spatial density and temporal frequency of sampling. For the purpose of this 
plan, it is assumed that quarterly performance monitoring events will take place for the 
first two years of implementation followed by an optimization monitoring plan, which 
will be documented in monitoring data reports. 

7.1.4 Onsite Groundwater Interim Actions 
As an interim action groundwater will be extracted from seven existing onsite wells until 
a long-term remedy is operational unless otherwise improved, modified or demonstrated 
to be ineffective by subsequent analyses or evaluations. Periodic water levels will be 
collected from adjacent and surrounding monitoring wells to gauge a capture zone. 
Pumping rates will be periodically documented along with flow rate measurements in the 
conveyance piping to the treatment plant utilized.  Treatment efficiency for this remedy 
is continuous operation of the collection pumps and the performance and proper operation 
of the treatment plant. 

7.1.5 Onsite Groundwater Long-Term Remedial Actions 
Monitoring actions presented here are preliminary pending pre-design investigations, 
pilot testing, final design, preliminary results and operational metrics or other conditions 
as described in Section 6.3.4. Monitoring locations and frequency and number of samples 
presented here may be modified to achieve the overall monitoring plan objectives. 

Visual inspections of extraction wells, piping and other pertinent components will 
periodically be inspected to document and check the integrity and operation of the system 
or when circumstances beyond design limitations arise (e.g., flooding). Necessary repairs 
for continued operation and maintenance shall be documented including system down 
time, repairs/changes performed and other pertinent observations to operation of the 
system. 
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The effectiveness of the long-term groundwater remedial action will be assessed through 
water level measurement conducted with transducers in a network of extraction wells and 
monitoring wells. Transducer monitoring may also be periodically supplemented with 
manual water levels from representative wells in target aquifers. Water level data will be 
used to monitor temporal and spatial variations in hydraulic gradient magnitudes and 
direction to demonstrate hydraulic containment. The list of wells, including addition of 
new wells, will be identified during pre-design investigations and design reports. 
Appropriate sampling phasing and frequency may be re-evaluated during system startup 
and equilibration or if circumstances beyond design limitations arise. If necessary, the 
numerical groundwater model may be employed to perform a flow path analysis using 
measured water levels with particle tracking to demonstrate hydraulic capture.  

7.1.6 Replacement Drinking Water Supplies 
CO Section F contains requirements for Replacement Drinking Water Supplies that 
Chemours has been complying with, including a comprehensive program for testing 
private wells near the facility.  Paragraph 21 states that Chemours shall perform annual 
retesting of private wells and “request incorporation of a plan to carry out this requirement 
in its Corrective Action Plan.”  Chemours set forth its plan for annual retesting of private 
wells in its April 26, 2019 Drinking Water Compliance Plan and its August 22, 2019 
response to DEQ’s comments on the Drinking Water Compliance Plan.  Chemours 
hereby requests incorporation of that annual retesting plan into the CAP. 

7.2 Compliance with CO Paragraph 16(d) Performance Monitoring 

CO Paragraph 16(d) requires that Chemours: 

“reduce PFAS loading to surface water (Old Outfall 002, Willis Creek, Georgia 
Branch, and the Cape Fear River), for the PFAS for which test methods and lab 
standards have been developed, by at least 75% from baseline.  

This subsection describes the performance monitoring activities to develop the baseline 
and evaluate reductions from baseline consistent with CO paragraph 16(d) requirements.  

The best available and most representative data will be used to develop the baseline and 
evaluate reductions performance. These data will include empirically measured flows and 
concentrations from PFAS transport pathways described in Section 3.10. These data will 
include measurements such as flow and concentrations of PFAS in the creeks and in the 
Cape Fear River in addition to contextual information from groundwater wells including 
concentrations and potentiometric surface. These data will produce direct measurements 
of PFAS mass loading in multiple pathways and more importantly in the Cape Fear River 
itself. These data will be interpreted in conjunction with the Cape Fear River PFAS Mass 
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Loading Model (Geosyntec, 2019g) to facilitate standardized comparisons of mass 
loading between monitoring events. 

Based on analyses presented in Section 5.4 of this CAP and the Reductions Plan 
Supplemental Information Report, the proposed corrective actions are intended to reduce 
the combined total Table 3+ PFAS mass loading reaching surface waters by 75%. 
Monitoring activities outlined here focus on developing additional data for the baseline 
of Table 3+ PFAS mass loadings to the Cape Fear River and evaluating the 75% 
reductions of PFAS mass loads in the Cape Fear River. While the mass loads in the other 
surface water bodies will be measured, only the Cape Fear River will be evaluated against 
75% reductions for the following four reasons. First, all the Table 3+ PFAS mass loading 
to these surface waters reaches the Cape Fear River, and therefore it is a natural 
monitoring end point. Second, the Cape Fear River is the only surface water body listed 
in paragraph 16(d) that is used as a raw water intake. Third, both the human health and 
ecological SLEAs determined there were no presently identifiable hazards or adverse 
effects from HFPO-DA exposures on and offsite, including from surrounding surface 
waters. And fourth, as described in the Reduction Plan Supplemental Information report, 
reducing PFAS loading to Georgia Branch Creek and Willis Creek by over 75%, or in 
any other material way in the short term, is economically infeasible and technically 
challenging to infeasible.  

The following two subsections describe how the baseline will be established and how 
performance monitoring towards the 75% Table 3+ PFAS mass loading reduction will be 
conducted. 

7.2.1 Paragraph 16(d) Baseline Monitoring  
The baseline monitoring program will collect additional data on flow rates and PFAS 
concentrations from the various potential PFAS transport pathways to the Cape Fear 
River, as identified in the mass loading model assessment (Geosyntec, 2019g). 
Specifically, Table 15 below lists transport pathways and sampling locations for where 
data will be collected: 

The locations in the table above supplement and improve the ability to measure the PFAS 
mass loading baseline as described in Paragraph 16(c) of the CO: 

“The baseline will be established using the average of the concentrations of the 
PFAS in groundwater monitoring wells for each surface water and LTWs along 
the Cape Fear River over the first four (4) quarters of sampling.”  
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Table 15: Baseline and Groundwater Monitoring Locations 
Transport Pathway Concentration Flow 

Willis Creek   
Seep A   
Seep B   
Seep C   
Seep D   
Outfall 002   
Old Outfall 002   
Georgia Branch Creek   
Groundwater Wells  Water Levels 
Cape Fear River   

 

Paragraph 16(c) requires groundwater wells adjacent to Willis Creek, Old Outfall 002, 
Georgia Branch Creek and the Cape Fear River to facilitate developing baseline Table 3+ 
PFAS loadings. These wells already exist. Some of these wells pre-existed the CO and 
some were installed in 2019 as part of the onsite and offsite characterization programs. 
All the identified wells are listed in Table 16 and are adjacent to surface water bodies to 
fulfill paragraph 16(c) and (d) requirements. In total 22 monitoring wells, including the 
five LTW wells, will be monitored as part of the baseline monitoring activities. These 
wells are listed in Table 16 and shown on Figure 10.  

Should interim or long-term corrective actions be complete at Groundwater Seeps, Old 
Outfall 002, or some other PFAS loading pathway before the additional monitoring data 
collection is complete, then the pre-treatment mass loading and/or collected Site data will 
be used to establish the baseline mass load. For instance, if the Old Outfall 002 treatment 
system is operational and removes 99% of all Table 3+ PFAS compounds, then the 
adjusted baseline mass loading in the river may be calculated as the measured mass 
loading in the river (river flow multiplied by river concentrations) plus the mass removed 
by the Old Outfall 002 treatment system (influent mass loading minus effluent mass 
loading). 

The list of monitoring wells identified here, the temporal frequency of sampling, and the 
list of PFAS compounds analyzed, may evolve during the course of pre-design 
investigations, pilot tests, preliminary results or other conditions as necessary for 
developing the baseline. Any changes will be described, along with the rationale for the 
change in subsequent monitoring reports submitted to NCDEQ. 

The baseline monitoring program will be completed over four quarters of sampling. After 
the data are received for each the first three quarters a quarterly baseline monitoring report 



 
 
 

 

TR0795  87  December 2019 

will be prepared. After the fourth quarter of monitoring is complete a baseline monitoring 
report outlining the results of the program will be prepared.  

The sampling activities for the first quarter of monitoring were completed between 
November and December 2019. Flow gauging and surface water sampling was conducted 
in November 2019; groundwater levels and samples were collected in December 2019. 
The first baseline quarterly reports will be prepared and submitted to NCDEQ in first 
quarter 2020. 

Last, to develop a more continuous record of Table 3+ PFAS mass loading into the Cape 
Fear River, a pilot program will be undertaken and will be include collecting composite 
samples from the Cape Fear River downstream of the facility where the Cape Fear River 
is well mixed – about 5 miles downstream, provided required access agreements, etc., can 
be negotiated. These samples will enable a more consistent and continuous record of 
baseline Table 3+ PFAS mass loads in the Cape Fear River. Additionally, as composite 
samples, these samples will help attenuate the potential inherent natural variability 
possible when collecting and measuring samples in the Cape Fear River, a complex and 
dynamic system.  
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Table 16: Baseline Monitoring Well Locations 
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Figure 10: Baseline Monitoring Well Locations 
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7.2.2 Paragraph 16(d) Reductions Monitoring 
Reductions in Table 3+ PFAS mass loading to the Cape Fear River will be evaluated 
relative to the baseline Table 3+ PFAS mass loading that will be developed during the 
baseline program. The reductions in the river Table 3+ PFAS loadings will be evaluated 
using the same set of monitoring locations identified for the baseline loading 
development. Potential adjustments to the reductions monitoring plan to increase its 
effectiveness will be outlined in the baseline monitoring report based on observations and 
outcomes from baseline monitoring. 

A 75% reduction in Table 3+ PFAS mass loading to the Cape Fear River will be 
considered achieved when eight successive quarters of data show a 75% decrease in 
PFAS mass loads measured in the Cape Fear River. Consistent with CO paragraph 16(d) 
this observation will be supported using by (a) performance monitoring of the corrective 
actions showing successful reductions in concentrations, (b) measurements of loadings 
from the various PFAS transport pathways, and (c) evidence of reduction in groundwater 
PFAS mass loading to the Cape Fear River based on concentrations in LTW and the other 
groundwater wells and the groundwater gradients used to calculate flows to the surface 
water bodies and the Cape Fear River.  

7.3 Onsite and Offsite Groundwater Quality Monitoring 

Starting in 2020 in addition to the 22 wells being monitored quarterly as part of the 
paragraph 16(d) baseline and reduction monitoring programs, onsite and offsite wells 
installed by Chemours will be sampled annually between July 1st and September 30th 
(third quarter) for a period of three years. By March 31st each year a groundwater 
monitoring report will be prepared describing the results of the sampling from the prior 
year. After three years of sampling, the third annual groundwater monitoring report will 
evaluate if changes should be made to the sampling program such as reducing the number 
of wells sampled or abandoning certain wells. Some of the present wells at Site may be 
abandoned due to either construction issues or consistently dry wells screens before this 
sampling program is implemented. 

Offsite private wells are presently being sampled on a routine bases as defined in the 
Drinking Water Compliance Plan (Parsons, 2019a).  
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